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Abstract
Background: Pericardial adipose tissue (PAT) is an emerging cardiovascular risk factor, yet much less is understood about PAT volume in Chinese adults, especially in relation to physical activity. The study explores associations between demographic and clinical variables and PAT volume, using multidetector computed tomography (MDCT) scanning in China.
Methods:  An observational, correlational study design was used. A sample of 163 Chinese attended a study visit and underwent MDCT scanning between September 2014 and December 2015. 
Results: Participants were 48.5% male and had a mean age of 60.6 (SD 9.4) years. PAT volume was higher (p = 0.001) in males than in females. PAT volume was correlated with age (r = 0.388, p = 0.001), systolic blood pressure (r = 0.205, p = 0.009), body mass index (r = 0.466, p = 0.001), high-density cholesterol (r = − 0.282, p = 0.001), low-density cholesterol (r = 0.177, p = 0.024), and triglycerides (r = 0.248, p = 0.001). Both moderate intensity physical activity energy consumption (r = − 0.363, p = 0.001) and total physical activity (r = − 0.290, p = 0.001) had inverse relationships with PAT volume. Total sedentary energy consumption was positively related to PAT volume (r = 0.266, p = 0.001). Multiple regression revealed that age, male gender, BMI, LDL-C and total physical activity energy consumption were significant predictors of PAT volume (R2 = 0.465). The relationship between PAT volume and CAD was found to be significant in the adjusted models.
Conclusions: Age, male gender, BMI, LDL-C and total physical activity energy consumption were significant predictors of PAT volume


1. Introduction
Pericardial adipose tissue (PAT) volume is regarded as an emerging cardiovascular risk factor [1]. Owing to its particular location, PAT is anatomically close to the myocardium and may contribute to cardiac disease through paracrine pathways and the release of adipokines, local vascular inflammation and progression of atherosclerosis [2, 3]. Recent studies suggest that PAT volume may contribute to coronary plaque [4], carotid stiffness [5] and atrial fibrillation [6] as well as coronary artery calcification [1, 7]. Epidemiological studies [8-10] and researchers in China [11, 12] support the idea that PAT volume is associated with the incidence of cardiovascular disease (CVD), yet published research studies about correlates of PAT volume, especially physical activity, in Chinese people were not found. Also, studies conducted in countries other than China are few. For example, studies in the UK and US, both using CT scanning in healthy older adults, demonstrated mixed results. The study in the UK [13] reported a significant inverse relationship between physical activity and PAT, whereas the study conducted in the US [14] found no association between these variables. Therefore, the purpose of the current study is to explore the association between demographic and clinical variables, including physical activity, and PAT volume measured using MDCT scanning in Chinese adults.
The general health benefits of physical activity are well recognized; research demonstrates its cardio-protective effect [15]. Correlates of PAT volume, especially physical activity, require further study in China. Given that Chinese health care experts are now paying more attention to creating cardiac rehabilitation centers to reduce cardiovascular risk factors, the current study is timely, necessary, and likely to provide information foundational to the conduct of future physical activity intervention studies with PAT volume outcomes in these centers. The ultimate long-term goal of such studies would be to prevent cardiovascular disease, improve public health and prolong life expectancy in Chinese adults. 
2. Subjects and Methods
2.1 Participants
Participants were recruited between September 2014 and December 2015 from the Department of Cardiology at the Hospital on Integration of Chinese and Western Medicine, which is affiliated with Nanjing University of Chinese Medicine. Inclusion criteria were adult patients who had a coronary artery MDCT. Exclusion criteria were pregnancy or lactation, serious liver or kidney dysfunction, severe valvular heart disease, cardiomyopathy, pericardial effusion in patients with severe arrhythmia, aortic dissection or an aortic aneurysm. Also excluded were those who lacked data or chose not to consent for the study. All the participants filled out questionnaires about physical activity and sleep time. A power analysis indicated that the minimal sample size needed, including accounting for attribution, was 110. This study was carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki). This study in humans was approved by the hospital’s Ethics Review Board. Informed consent was obtained for experimentation with human subjects prior to inclusion in the study. The privacy rights of subjects were observed. 
2.2 Pericardial adipose tissue volume
PAT volume was measured using 64-slice MDCT imaging (GE LightSpeed VCT) performed a centimeter below the trachea eminence by two experienced doctors who were blinded to the degree of patients’ coronary atherosclerosis. During the scanning, patients were told to hold their breath until the end of the scanning to make sure there was little respiratory motion artifact. In addition, patients were monitored by electrocardiogram. The two experienced doctors manually tracked and drew the pericardium layer by layer using a threshold of -190 to -30 Hounsfield units, which then automatically measured the PAT volume. MDCT scanning provides an enhanced high spatial resolution and imaging acquisition speed compared to CT scanning [16]. 
2.3 Clinical measures
To obtain an accurate weight, patients in a fasting state were measured to the nearest 0.1 kg wearing underwear and socks. Height was measured with a standard ruler to the nearest 0.1 cm. The patient kept the body erect and looked straight ahead with the highest point of the occipital bone, the hip bone and the heel on the same line. Body mass index (BMI) was defined as weight in kilograms divided by height in meters squared. Blood pressure was measured manually with a mercury manometer in the right arm, in a sitting position, after at least 5 minutes of seated rest, according to Chinese blood pressure guidelines. 
2.4 Laboratory examination
Participants fasted for 10 hours before the blood draw. A blood sample was obtained to detect the level of fasting plasma glucose (FPG) as well as high-density lipoprotein cholesterol (HDL-C) and serum triglycerides (TG), determined enzymatically using a chemistry analyzer (Hitachi 747; Hitachi Inc.). The low-density lipoprotein cholesterol (LDL-C) concentration was estimated using the Friedewald formula [17].
2.5 Assessment of energy consumption and sleep duration
Energy consumption was measured using the International Physical Activity Questionnaire (IPAQ). In 2004, scholars [18] translated the long form of the IPAQ into Chinese. Validity was tested using Caltrac accelerometer monitoring as the reference standard. The IPAQ long form achieved Pearson correlation values of 0.504 and 0.743 using the long self-administrated format of 7 days. IPAQ includes five parts: job-related physical activity (including vigorous physical activity and moderate physical activity); transportation physical activity; housework, house maintenance and caring for the family; recreation, sport and leisure-time physical activity and time spent sitting. Participants recorded their physical activity in units of frequency (times per week) and time (minutes) doing the activity. Physical activity energy consumption [19] was documented as MET-min /week = the activity of a metabolic equivalent of task (MET) × daily activity time (min) × activity days /week. Total vigorous energy consumption was calculated as vigorous physical activity at work + vigorous consumption of leisure physical activity. Total moderate energy consumption was calculated as moderate physical activity at work + cycling energy consumption+ the household activity energy consumption+ leisure moderate physical activity energy consumption. Total walking energy consumption was calculated as walking at the job + walking for transportation + walking for leisure. Total physical activity was calculated as vigorous + moderate + walking. To derive sleep energy consumption, participants were asked, do you have a habit of napping? On average, how many hours do you sleep (including naps)? Sleep was assigned a MET of 0.9 for the calculation of sleep energy consumption.
2.6 Statistical analysis
Analyses were done SPSS 20.0 software, with results expressed as mean and standard deviation (SD) for normally distributed variables, number (%) to describe the categorical data or median (quartiles) for non-normal parameter variables. A t-test for independent groups was used to analyze the relationship between gender and PAT volume. Pearson’s and Spearman’s tests were used to analyze correlations. Variables significantly related to PAT volume and those found to be theoretically important in the literature were entered into the multiple regression analysis. A p value of <0.05 was considered significant.
3. Results
3.1 Sample characteristics
During the study period, we enrolled 176 patients from the Department of Cardiology. Thirteen patients were excluded due to no lipid profile (n=3), no self-report of IPAQ (n=2) or refusal to participate (n=8). Table 1 presents the characteristics of the sample (n=163) [20]. At baseline, mean age was 60.6 (SD 9.4) years; 79 (48.5%) were male. The majority of participants (70.6%) had either a junior or senior high education. About half of the sample (52.8%) had an annual income of $3600 to $5400. At baseline, mean PAT volume was 226.4 (SD 97.5 cm3); the minimum PAT volume was 60.6 cm3and the maximum PAT volume was 550.0 cm3. Males had higher PAT volume (251.5cm3 vs. 200.1 cm3, p=0.001) compared to females. Mean baseline blood pressures are higher than normal (120/80mmHg) in this sample where some participants report having hypertension. Mean BMI, fasting plasma glucose and lipids were within normal limits. Participants (18.4%) reported currently smoking cigarettes. Of the chronic illnesses, hypertension occurred most frequently (70.6%). Baseline energy consumption measures in MET-min/week are presented in Table 1. Vigorous physical activity was not performed by 90.8% of the sample; both the median and mode for total vigorous physical activity energy consumption were zero. Cardiac imaging during MDCT scanning is presented in Figure 1.
3.2 Correlational findings
There was a significant correlation between age and PAT volume (r=0.388, p=0.001). Systolic blood pressure (SBP) was correlated with PAT volume (r=0.205, p=0.009). BMI was positively correlated with PAT volume (r=0.466, p =0.001). Regarding the lipid profile, HDL-C correlated negatively with PAT volume (r=-0.282, p =0.001), whereas LDL-C and TG cholesterol had a positive correlation with PAT volume (r=0.177, p =0.024; r=0.248, p =0.001, respectively). Both total moderate intensity physical activity consumption (r=-0.363, p=0.001) and total physical activity (r=-0.290, p=0.001) had an inverse relationship with PAT volume, but this was not the case for the total walk energy consumption or sleep energy consumption (p>0.05 for both comparisons). The total sedentary energy consumption was positively related to the PAT volume (r=0.266, p=0.001) (Table 2). Using multiple regression analysis, age, male gender, BMI, LDL-C and total physical activity energy consumption were significant and independent predictors of PAT volume (Table 3). The R2 for the model was 0.465.
4. Discussion
The main result of this study was that age, male gender, BMI, LDL-C and total physical activity energy consumption were significantly associated with PAT volume. As age increases, PAT volume increases [21]. One study [22] in Germany found a significantly higher PAT volume in adults >70 years (252, SD 118cm3) compared to those <40 years (148, SD 77cm3). A similar result was obtained in a Chinese study [23] that reported a significantly higher PAT volume in patients in their 70s (259.5, SD 78.86 cm3) compared to those in their 50s (225.86, SD 82.65 cm3). Our study also showed that PAT volume was significantly higher in males than females, which is consistent with findings of the MultiEthnic Study of Atherosclerosis (MESA) in the US [24]. This relationship was also found by Rosito [21] in the Framingham Study in the US and by Greif et al. [22].
BMI was significantly associated with PAT volume in the Framingham Heart Study [21]. In the current study using multivariate analysis, BMI contributed the most to PAT volume. However, a study in Iraq demonstrated no association between BMI and PAT volume [25]. In related interventional studies, there is some evidence that reducing patients’ BMI may have a beneficial effect on PAT volume. For example, a recent 1-year intervention study [26] in Australia in 69 overweight or obese cardiac patients found that weight reduction resulted in a significant reduction in PAT volume. In an interesting weight reduction trial using bariatric surgery in 68 Brazilians [27], BMI and PAT volume were reduced significantly with bariatric surgery and accompanying weight loss at 1 year. Furthermore, in 68 Taiwanese 3 months after bariatric surgery [28], both BMI and PAT were significantly reduced. 
No published studies were found in which LDL-C was significantly associated with PAT volume, as was the case in our study. Other studies [7, 29, 30] supported our findings of the inverse association between total physical activity and PAT volume. In related interventional studies, there is evidence in the literature that increasing physical activity may reduce PAT volume. One research study [31] using two groups, with caloric restriction or caloric restriction with exercise, showed a greater significant reduction (17%) in PAT volume, among abdominally obese postmenopausal women with the exercise component. Also, a 12-week supervised exercise training program in obese men resulted in a significant (9%) reduction in PAT volume [32]. In the current study an additional finding in our multivariate analysis was that sedentary energy consumption was not a significant predictor of PAT volume. Our finding differed from Larsen et al. [14] who studied 539 adults for 1 year and found that the longer participants sat, the greater the PAT volume.
A major strength of the current study is the use of the enhanced MDCT scanning. This study had some limitations. Using only one hospital in China may reduce generalization of the study findings. Also, recall bias may be present, given that self-report of physical activity and sleep over the previous week was used. 
5. Conclusions
Of the many correlates of PAT volume found, several are modifiable. Therefore, further emphasis in China should be placed on reducing BMI and LDL-C as well as enhancing physical activity. Large-scale prospective intervention trials are needed. The time is now for the implementation of more research-initiated programs because about 290 million Chinese people have some form of cardiovascular disease including coronary heart disease, stroke, heart failure, and high blood pressure. Moreover, a rising trend in cardiovascular mortality is documented in annual Chinese public health reports, and cardiovascular diseases now account for 42.5% of deaths in the city and 44.6% of deaths in rural areas [33].
 In China, there are currently few Cardiac Rehabilitation Centers for outpatients. Also, given the bad air quality in China, there are relatively few in-city indoor exercise centers for the population at large. Taken together, these two situations result in less of a focus on reducing cardiovascular risk factors than in other countries, especially in regard to promotion of physical activity. Many important factors need to be studied in China to enhance physical activity (including walking), such as the readiness to perform physical activity, performance of some physical activity at work for persons with largely sedentary jobs, exercise abilities and location of exercise centers to enhance optimal use. This current correlational study is foundational to the conduct of future research. Questions remain as to whether PAT volume (a) is a clinically worthwhile physiological indicator, (b) should be monitored by doctors at cardiac rehabilitation programs and in-city exercise center programs and (c) should be managed as a new cardiovascular risk factor in the future in an effort to curb the high rates of heart disease and stroke in China. 
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Table 1 Characteristics of the study sample
Characteristics	Total (n=163)
Age (y)	60.6 (SD 9.4)
Male  n (%)	 79 (48.5%) 
Education  n (%) 	
	No schooling	 4 (2.5%)
	Primary school	 19 (11.7%)
	Junior school	 57 (35.0%)
	Senior school	58 (35.6%)
	University	 25 (15.3%)
Income (USD)  n (%)	
	＜$1800	 5 (3.1%)
	$1800-$3600	 23 (14.1%)
	$3600-$5400	 86 (52.8%)
	$5400-$9000	 40 (24.5%)
	＞$9000	 9 (5.5%)
PAT volume (cm3)	226.4 (SD 97.5)
SBP (mmHg)	137.6 (SD 17.0)
DBP (mmHg)	84.2 (SD 10.7)
BMI (kg/m2)	24.8 (SD 3.1)
FPG (mmol/ L)	5.6 (SD 2.2)
TC (mmol/ L)	4.4 (SD 1.0)
HDL-C (mmol/ L)	1.2 (SD 0.3)
LDL-C (mmol/ L)	2.8 (SD 0.9)
TG (mmol/ L)	1.8 (SD 1.8)
Current smoker	30 (18.4%)
Chronic illnesses  n (%)	
	Hypertension	115 (70.6%)
	Hyperlipidemia	11 (6.7%)
	CHD	87 (53.4%)
	Stroke	34 (20.9%)
	Diabetes	38 (23.3%)
Energy consumption	
	Total vigorous physical activity energy consumption（MET-min/week) Median 	0.0 (25th, 75th percentile 0.0,0.0) 
	Total moderate physical activity energy consumption（MET-min/week）Median	1260 (25th, 75th percentile 630,2220) 
	Total walking energy consumption（MET-min/week）Median	858 (25th, 75th percentile 627,1286)
	Total physical activity energy consumption（MET-min/week）	2789.4 (SD 1612.0)
	Total sedentary energy consumption（MET-min/week）	2775.7 (SD 842.4)
	Sleep energy consumption (MET-min/week）	2443.1 (SD 445.8)
Values are mean and SD unless otherwise specified. Values may not equal 100% due to rounding.
PAT: pericardial adipose tissue; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; FPG: fasting plasma glucose; TC: total cholesterol; HDL-C:high-density cholesterol; LDL-C:low-density cholesterol; TG: triglycerides; CHD: coronary heart disease.

















Table 2 Correlation between demographic and clinical variables and PAT volume
Variables	r	p
Age (y)	0.388	0.001
SBP (mmHg)	0.205	0.009
DBP (mmHg)	0.057	0.468
BMI (kg/m2)	0.466	0.001
FPG (mmol/ L)	0.063	0.429
TC (mmol/ L)	0.103	0.191
HDL-C (mmol/ L)	-0.282	0.001
LDL-C (mmol/ L)	0.177	0.024
TG (mmol/ L)	0.248	0.001
Total vigorous physical activity energy consumption (MET-min/week)	-0.022	0.777
Total moderate physical activity energy consumption (MET-min/week)	-0.363	0.001
Total walking energy consumption (MET-min/week)	-0.146	0.064
Total physical activity energy consumption (MET-min/week)	-0.290	0.001
Total sedentary energy consumption (MET-min/week)	0.266	0.001



Sleep energy consumption (MET-min/week)	-0.149	0.058
PAT: pericardial adipose tissue; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; FPG: fasting plasma glucose; TC: total cholesterol; HDL-C:high-density cholesterol; LDL-C:low-density cholesterol; TG: triglycerides.










Table 3 Multiple linear regression with PAT volume as the dependent variable
Independent variable	Beta	t	P	R2 value for the model
Age	0.317	4.898	0.001	0.465
Gender	-0.232	-3.583	0.001	
SBP	0.015	0.240	0.811	
BMI	0.364	5.626	0.001	
HDL-C	-0.067	-0.908	0.365	
LDL-C	0.130	2.070	0.040	
TG	0.037	0.547	0.585	
Total physical activity energy consumption	-0.145	-2.250	0.026	
Total sedentary energy consumption	0.067	1.041	0.300	
PAT: pericardial adipose tissue; SBP: systolic blood pressure; BMI: body mass index; TG: triglycerides.







Table 4. Logistic analysis with PAT volume and CAD.
Models for all three exposures	Odds ratio (95%, CI)	p
Age and gender	1.006 (1.001–1.01)	0.015
Age, gender and BMI	1.004 (1.001–1.008)	0.026
Age, gender, BMI and multivariable adjustmenta (​http:​/​​/​www.sciencedirect.com​/​science​/​article​/​pii​/​S0167527317319009?via%3Dihub" \l "tf0005​)	1.007 (1.002–1.012)	0.005
PAT: pericardial adipose tissue; CAD: coronary artery disease; BMI: body mass index.
a Includes systolic blood pressure, hypertension treatment, lipid treatment, diabetes and smoking.
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